Free-Iiving cells of Rhizobium leguminosarum possess a constitutive succinate uptake system. Bacteroids isolated from nodules of Pisum sativum also showed immediate uptake of succinate. In both cases the uptake of [14C]succinate appeared to be dependent on an energized membrane. Fumarate, malate and several succinate analogues were also transported via the succinate system. One or both of the carboxyl groups of the succinate molecule must be free in order to be recognized by the carrier. Glucose had effects on the uptake or metabolism of succinate.
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I N T R O D U C T I O N
The development of an effective N,-fixing symbiosis between Rhizobium and a legume depends on a complex series of interactions between the two symbiotic partners. For example, the bacteroid contains the enzyme nitrogenase which carries out the fixation of dinitrogen and the plant provides a source of carbon for bacteroid metabolism (Beringer et al., 1979) . It has been reported by a number of groups (Hardy, 1977; Pate, 1977 ) that carbohydrate supply is a major factor limiting N, fixation. The nature of the carbon source(s) supplied to the bacteroid by the plant is still not clear. It has been shown that succinate can support bacteroid respiration (Tuzimura & Meguro, 1960) and N, fixation (Bergersen & Turner, 1967) and Ronson & Primrose (1979) have suggested that tricarboxylic acid intermediates, like succinate, may be the major source of energy for the bacteroid. In view of the suggested importance of succinate uptake in rhizobia this communication reports experiments on succinate uptake in Rhizobium Icguminosarum.
METHODS
Organisms. Rhizobium Zeguminosarum WU235 was from the Institute of Agriculture, University of Western Australia. Rhizobium leguminosarum 3841 is a StrR derivative of the 300 strain. Both strains nodulate Pisum sat ivum .
Nodulation and preparation of bacteroids. Pisum sativum var. Wisconsin Perfection was nodulated by R. Zeguminosarum WU235 as described by Beringer (1974) . After 24 d, nodules (10 g) were picked and ground in the mixture described by Bergersen & Turner (1970) . The crushed material was centrifuged at 400g to remove plant cell debris. The bacteroids were separated by a second centrifugation (6900g), washed twice with phosphate buffer (100 mM; pH 7) containing mannitoI(250 mM) and bovine serum albumin (0.5 %, w/v) and resuspended in similar medium.
Media. Bacteria were grown on the minimal media of Brown & Dilworth (1975) with the following modifications: gIucose was at 2.5 gl-l, succinate at 4.Ogl-I, glycerol at 2gl-1 or mannitol at 2.5 gl-l, and
NH4Cl at 0-4 g 1-l. Short comm unica t ion Culture conditions. Batch cultures (500 ml) were grown in 2 1 flasks for 72 h at 25 "C. Chemostat cultures of strain WU235 contained 1 1, the dilution rate on the glucose minimal salts medium was 0-156 h-l and air was supplied at 1.5 1 min-l. Preparation of cells for uptake experiments. Cells (10 ml) from batch or chemostat culture were collected on a Millipore filter (0.45 pm pore size; 47 mm diam.), washed with minimal salts (10 ml) and resuspended in similar medium (5 ml). Cells were pre-incubated for 15 to 30 min before being used in uptake experiments. Bacteroids were used for uptake experiments immediately after isolation.
Uptake assays. [2,3-14C]Succinate (59 mCi mmol-l, 2.18 GBq mmol-l) was obtained from The Radiochemical Centre, Amersham. Radioactive solute and appropriate competitors, or inhibitors, or minimal medium were added to the cells to give a final volume of 1.0 ml. Competitors or inhibitors were added 30 s prior to the addition of 0.5 m~-[~~C]succinate. Samples (0.1 ml) were taken at 1, 2, 3, 4, 5, 7.5 and 10 min after the addition of label, placed on a Millipore filter under vacuum and washed twice with prewarmed minimal salts. The filters were then dried at 100 "C for 30 min and 5.0 ml scintillant [containing 3 g 2,5-diphenyloxazole and 0-3 g 1,4-di-2-(4-rnethyl-5-phenyloxazolyl)benze per litre toluene] was added.
Protein determination. Protein was determined by the Lowry method using bovine serum albumin as the standard.
RESULTS A N D DISCUSSION
Nature of the succinate uptake system Rhizobium leguminosarum WU235 grown in batch culture on glucose, mannitol, glycerol or succinate as the sole carbon source showed an immediate capacity to take up [14C]succinate (Fig. la) . This suggests that the succinate uptake system in this organism is constitutive.
Similarly, when bacteroids of the same strain were isolated from P. sativum var. Wisconsin Perfection they immediately began to accumulate [14C]succinate (Fig. 1 b) . Separate experiments (Hudman & Glenn, 1980) have shown that such bacteroids are unable to take up glucose.
The presence of a constitutive succinate transport system in R. legurninosarum contrasts with the situation reported for a number of other organisms, e.g. Azotobacter vinelandii (Reuser & Postma, 1973) , Bacillus subtilis (Ghei & Kay, 1973) and Escherichia coli (Lo et al., 1972) where the succinate system is inducible.
Efect of inhibitors on succinate uptake
Azide (1 mM), carbonyl cyanide m-chlorophenylhydrazone (CCCP ; ~OPM), dinitrophenol (1 mM) and cyanide (1 mM) inhibited succinate uptake in free-living chemostat-grown cells of strains WU235 and 3841 by more than 95%. Arsenate (5 mM), on the other hand, was without any significant effect on uptake ( Table 1) . Succinate uptake in bacteroids of strain WU235 was also inhibited more than 95 % by dinitrophenol (1 mM) and azide (1 mM) but was unaffected by arsenate (5 mM). These results suggest that succinate accumulation in both free-living and bacteroid forms of R. Zeguminosarum is via an active transport system dependent on an energized membrane.
The thiol-reactive agent N-ethylmaleimide (1 mM) caused a 95 % reduction in the uptake of succinate suggesting that there is an essential -SH group in the carrier system. EDTA (4 mM) also affected succinate uptake suggesting a role for divalent cations.
Eflect of competitors on succinate uptake
The specificity of the succinate uptake system was examined by adding various organic acids to chemostat-grown cells 30 s before [14C]succinate. Acetate, lactate, pyruvate and 2-oxoglutarate were without significant effects on succinate uptake ( Fumarate and malate both caused a marked reduction in the uptake of succinate suggesting that succinate, fumarate and malate are transported on a common carrier ( Table 2) . A similar dicarboxylate carrier for these three organic acids has been reported in E. coli (Lo et al., 1972 ).
The succinate analogues tested varied in their ability to compete with the [l4C]succinate. 2,2-Dimethylsuccinate was a strong competitor and markedly reduced succinate uptake (Table 2) . Methylsuccinate, 2,3-dimethylsuccinate and itaconic acid all had smaller effects suggesting that they have a lower affinity for the succinate carrier (Table 2) . It is interesting to note that dimethylsuccinate ester does not compete at all with the [14C]~uccinate suggesting that one, or both, of the carboxyl groups must be free for the molecule to be transported. Ghei & Kay (1973) have suggested that at least one free carboxyl group is required for the transport of succinate into B. subtilis.
Efect of glucose on succinate uptake When glucose (1 mM) was added to chemostat-grown cells prior to the [14C]succinate there was a marked reduction in the uptake of succinate (Table 2 ). This suggests that glucose has some effect on the uptake or metabolism of succinate. Similar reports of glucose This communication presents some of the basic features of succinate uptake in whole cells and intact bacteroids of R. leguminosarum. We are currently attempting to develop a membrane vesicle system and to isolate transport mutants which together should allow a more detailed analysis of the uptake system. This work was supported by a grant from the Australian Research Grants Committee.
